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and William X. Petynia 

The aerodyr-amic and  B~drodynmAc charecteris-iics of a miltijet 
water-based-aircraft  configuretion  for  supersonic  operation :mve been 
investigeted. The resu l t s  of these tests have indicated that the nodel 
had e Low subsonic  drag and a relatively  high Mach  r?uKoer f o r  &rag rise. 
The  minimum drzg  coefficient for the b e s i c   c o n f i p a t i o n  at  a Mach 
number of 1.20 w a s  2.75 tirres the  subsonic  value.  Pitch-us  tendencies 
vere  indicated thoughout the l4ach Ember rmge  at moderately hi&- values 
of l i f t  coefficient which would l i m i t  the oserating  ranges zad perform- 
ance c'mrecteristics of this Configuration. 

Tae time and distaace  for e stable take-oTl" were approxim-tely 
34 seconds a d  4,060 feet .  Pa intermediate t r i m  limit of s t a b i l F t y  i n  
addition t o  upper end lower lwLts restricted the range of s tab i l izer  
znd ele-ator  deflections  for  steble  teke-offs.  Porpoising occu-rred 
during e l l  smoot'n-wzter  "dings but the oscil lations damped rzFidly. 
B r i e f  rough-water tests indicate the in l e t s  would be free Trom sqray 
when onerating i n  waves 4 feet  high, 

TN%IODUCTION 

The preseslt  investigetion i s  par t  of e general  research  progrm t o  
Fake 8 brieI"  evel-ation of the  aerodynmic and hydrodymmic c'naracter- 
Fstics of a number of water-besed bomber configurations  ccqzble of f l i g h t  
st trmsonic  and supersonic  speeds. Tbe first two configurations in t h i s  
program, a wing-root-inlet  con?iguratim m d  a nose-inlet  configuration, 
were reported in  references 1 and 2. These confignations h d  reduced 
wEter clezrances from those of contemporary sezplanes,  high-fineness- 
r a t i o  hulls, and vere  designed i n  accordance wit'n the  transonic  area-rule 
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cor-cept (ref. 3 ) .  Aerodynznic t e s t s  over t h e   P ~ c n  r-umber range fronz 
0.6 t o  l.13 FRdicated low subsonic  drag,  high  drag-rise Yach  number, and 
l m ~  drag r i s e  of these  configurations. Xydrodynamic performnce  in 
smco-lk.- wster was acceptable end in l e t s  were clear of' spray i n  moder- 
ete waves. In cooperation  uith  the B u r e m  of Aeronautics m d  the air- 
craft  indastry, a third conf igra t ion  w&s evolved which was designed for 
a Mach  number of 1.35. In Ynis confignutior,  m engine  configuration 
which resul ted  in  less interml  duct ing and more useful  internal  volme 
tkax %he nose-inlet  configaretion and less frontal &rea t h m  the wing- 
root-inlet  conr'iguration was achieved  while  maintaining  adecuate  spray 
clemance. H i g h  fineness  ratio ar,d conformity w i t h  the  supersonic  &rea 
r u e  were maintained. (See ref 6. 4 and 5. ) 

In  the  present  investigation, lift, drag, aEd pitching moment were 
determined  over a "ach number range f ron  0.6 t o  1.42. Smooth-water take- 
off and landing  stzbil i ty and resistance were investigated. A brief 
check of the roa&-m.ter spray and behavior wzs also made. 

Aerodynamic 

The reslnlts of the wind-tunnel tests are referred to  the wind-axes 
system. The eerodynmic monents are  referred  to  the  center of gravity 
of the  nodel  xhich I s  longitudinally  located at 0.35E and is 8.7 fee t  
fu i l  scale zbove the base Line (fig.  1). 

A dzct area 

E mean aerodynadc chord of wing 

cD dxag coefficient, - D 
ss 

'*r internal-drag  coefficient of ducts  based on wing area 

c4x. 

c;I; 

dCL lif t-curve sloFe, - da 

pitching-monzent coefficient, % 
qSE 

? 
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C pitching-moment-curve  slope, - ‘“CL dCL 

cP pressure  coefficient, ??b - I10 

D d3.W 

L l i f t  

L/D l i f t  -d-reg ratio 

m mass-flm- rate, pAV 

M Mach nmber 

M pitching  nonent of aerodyr-an?ic forces abozt  lateral  exis  which -w pesses through center-of-grevity  location 

P static pressure 

9 free-strem aynmic gress-me, l p v 2  2 
R ReJmolds  number  based on c 

- 
S wing  8rea 

v velocity 

a angle  of  attack  referred to h u l l  base  line 

€ efTective dm-wzsh acgle 

Se  elevetor  deflection  referred to stebilizer  chord,  positive when 

% Tlap deflection,  positive dmvzrd 

trailing  edge  is down 

% stebilizer  incidence  referred t o  hull base  =ne,  positive  when 
trail ing edge is ~ 5 0 % ~ -  

P zir  density 

Subscripts: 

b base 
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A.P. after perpendic1cI-m 

gross-load coefficient, % 
w53 

7 P .?. forward perpendicuhr 

La afterbody ler,gi;h 
T 

"f forebody length 

L .W . I,. load  miter  line 

gross io& 

7 trirn, mgle Setween forebody keel  at   step md the  horizontal 

General  zrrz2gement drzwings end h u l l  laycut are  presented In 
f i g x e s  1 m-d 2, respectively.  Pertinent dime_r,sions End particulars 
are  presented i n  table 1. 

General Chssacteristics 

Basic assunptions. - The gross wei&t of 200,000 pounds, wing &re% 
of 2,oCO sq.;are feet ,  E. bomb ioad of jO,OOO pounds, E d  a  rotzting-type 
bonb bay were EssaTed. Four C'ztiss-Wight 567 jet engines k v i n g  a 
thrast of 88,030 pomds vith  afterburners were selected. 

Zngine location.- The j e t  engines were located i n  the hull (fig. 1). 
The in l e t s  for  the two forward engines were located on the side of the 
hdll m d  the  exhausts were belov and slightly behind the wing t r a i l i ng  
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edge. The ETterburners were t u n e d  out from the center  line approxf- 
rrately 8.5O. The i n l e t  f o r  the two ef t  engines WES located or!. the h u l l  
deck eft of the  juncture of the h u l l  and  wing t r a l l i ng  edge but aheed 
of the  fomzrd engine  exhr-usts. These two engines were placed  parallel  
t o  the  center  line  md exhausted  behind the  vertical  tail. 

Uing.- The wing hed rn aspect  retio of 4.05, taper   ra t io  of 0.333, 
45' sweepbeck  of the  quarter-chord  line, xad edxdied NACA 63206 
modified airfoi l   sect ions.  Tne xing  incidence a t  the root wes 2O aad 
the wing had e uniform t v i s t  of 5O. 

?1&r_ing bottom.- The plaoFng bottoa extended the  eatire  length of 
the a i rpkne .  The forebcdy length-beam r a t i o  wks 8.66 m-6 the after- 
body length-beam r e t i o  w a s  7.44. The been vas set by the width or" the 
bonb bzy. 

The forebody cross sections were rounded et tine keel end approxi- 
mated those proposed in  references 6 and 7 fo r  obtainiog  constmt  force 
d-ming landing  impects. The step had a 64O vee plan form. Basically 
e deep s tep was used but 2. s tep   fa i r ing  reduced the depLth at the chine 
to 0.104 be&=. The depth of step a t  the  keel w a s  0.055 be=. 

The angle of the afterbody  keel and the height of the chine a t  the 
bok- were kept lov, so that the forebody and afterbcdy  chines would fo l -  
low as  newly 8s possible  the  strew- flow i ices .  

Rorizontel  chine  flare was used on the Torebody from the bow t o  
t'ne step. The chine f l u e  cn the  af terbdy  s tuted  approxinately 18 f e e t  
a f t  of the  point of the  step znd extended b.xk t o  the  af ter  perpelldic- 
ular .  The forebody End afterbody dead r l s e  was wersed approximately 
3 O  per bem  in   the  vicini ty  of the steg. 

Tail groEs. - Wsth the  high be= loadings employed, a high horfzontal- 
t a i l  position was considered  cecessary f o r  spray cleerance. 

Tip 5loets.- No t i p  floats were provlded f o r  this coafigurztion  as 
the wiEg is  expected t o  provide  the  stetic  transverse  stability. Tlze 
tis f loa ts  have  been shown in  reference 1 t o  contribute  appreciably t o  
the drag. 

Aree  Curves 

The t o t a l  cross-sectlmal aree curve for   a  Mach nuuber of 1.35 aod 
t he  cortributions of the verioirs compor?ents Ere presented i n  figure 3. 

sectionel  erea  intersected by the h c h  engle  plmes (for € 4  = 1.35) 
rolled t o  12 posit ions  in  intervals of TO0 about the  center  line of' the 

. Tie  area  distributioll of the aerodynamic surfaces w a s  taken es the cross- 

* 
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conf'igurs?tion. The cross-sectional. meas obtained by the intersection 
of the P!ch p lmes  were averaged ar?d this average area w a s  then  used 
fo r  the body indentation.  In  order to simplify t'ne calculations, the 
area  distribution of the body was developed f o r  a ,%ch  number of 1.0 
with the areas taken normal t o  the  center  l5ne of the  configuration. 
Tiis procedure, as discussed  in  reference 5, would have a slight effect  
on the drag. An attempt was also made to  distribute  the  hull   cross- 
sectional  area above  and  below the w h g  chord plane t o  minimize the 
drag due t o  l i f t .  An equivelent  free-strem  tube aree of 80 percent 
of the inlet   area was subtracted for  the mass flow thou@  the  ducts.  

The  maximum total   cross-sectional area was approximately 147 s q w e  
f e e t  znd the f ineness   ra t io  of the equivalent body was 11.8. 

Wind-Tunnel M e 1  

me wind-tunnel model enployed fo r  the aerodynamic tests was 
1/52.7 s ize .  Photographs of the model  on the sting  support  in the 
kngley  &foot  trmsonic  pressure  tunnel are shown i n  figure 4. m e  
model was constructed  primrily of e skin  mde from plastic-impregnated 
Ziber-glass  cloth. The wing w e s  made of aluainum end mhogany. The 
horizonte.1 and ver t ica l  t a i l  surfaces h&.d s t e e l  cores whlch were weldcd 
together in order t o  edd s t i f fness  and t o  increase the load-cerrying 
abi l i ty .  Steel End  mahogany were used i n  the h u l l  t o  zdd s t i f fness  and 
strength at c r i t i ca l   po in ts  i n  the model. The aft  end of the hull. was 
cct  off at approximately the  exhaust of the  rear  engines i n  order t o  
accmodzte  the sting  support. 

The model v a s  unpowered but the jet-engine  inlets were s imlated.  
The rezr i n l e t  was refsed off the deck  approximately 1/16 inch  (node1 
scale) t o  provide fo r  bomdery-layer bypass. There w a s  no boundary- 
layer bypass on the forward inlets .  The ducting was  designed t o  provide 
the proper mass flow. Constrictions  in the area were placed in   t he  
duct   exi ts   for  the pwpose of evaluating the mss-flow end internal  drag 
characteristics of the mdel. 

The horizontal tail,  which was of the all-movable  type, w e s  mounted 
on top of the ver t ica l  tsil. The axis of rotekion of the horizontal 
t a i l  ves tsken  about a kterei  axis which passed  through the  quarter 
chord of the nem aeroaynamic chord of the horizontal tai l .  

Sone t e s t s  were conducted w i t h  f ixed  transit ion on the model by 
applying l/8-inch-wide s t r ip s  of no. 120 carborundum grains around the 
nose of the hu l l  approximately 1 inch back from the ncse, t o  the in l e t s  
a t  the leading edge of the in le t s ,  and across  the spzn of the wing at 
the 10-percent-chord s ta t ion on both the upger m d  lower swfaces. 
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A modification to   the  bzsfc   hul l   indicated  in  figure 2 m-d in   the  
area diagram of figure 3 was also  imestigzted.  The modification  to  tne 
basic h u l l  WES intended t o  s i m d a t e  the  effects of a hot- je t  eA1a.ust 
t ha t  vould be experienced on the  full-scale  configuratior- a d  gave a 
smoother area  distribution Tn the  region aft of the jet  exhzust of the 
forward  engines. 

Photographs of the 1/17-size dynamic  model are  presented  in  fig- 
ure 5. The h u l l  of the model was  of p l a s t i c  impregnated fiber glass 
and the aerodynemic surfaces were of' conventional wooden construction 
covered w i t h  s i l k .  

Several  modificatims, which  were principally  extensions of the 
chine flare, were made to   the  tank model and were nbt  incorporated or- 
the  wind-tunre1 model as shown i n  figure 2. A chine s t r ip ,  0.7 Toot 
( fu l l   s i ze )  deep a t   the   s tep  and fa i red   in to  the chine  zpproximtely 
34 feet (full size)  forward of the  s tep was added to   the hull. This 
effectively extended the  chine  flare  in  the  region or" the  step where 
the  chine f l a r e  of the  basic forebody was faded to zero. Tne sharp 
chines on the afterbody were extended  forward t o  the  step and a shsrp 
chine was added t o  the  fa i r ing between the forward exhausts znd the 
hull .  These  added chines would be  expected t o  have e negligible  effect  
on aerodynamics (ref. 1). 

The wing used in   t he  hydrodynmic tests was the same as thzk used 
w i t h  the  nose-inlet  configuration of reference 1. The difTerences i n  
the wings used in   the  hydrodyndc and aerodyndc  investigations were 
as follows : NACA 63006 airfoil  sections f o r  the hydrodynamic  wing 
ixstead of ar NPLCA 63206, aspect  rakio of 4.0 instead of 4.'05, a. taper 
r a t i o  of 0.3 instead of 0.333, and the wing w a s  untwisted. The wing 
angle of incidence was 2$ . It is  belFeved tht the slight differemes 
in   the  two wings  would have e negligible  effect  upon the hydrodynmic 
tes t s .  Leading-edge s l o t s  were used to prevent  premature wing s t a l l  
that usually is &countered a t  the low Reynolcs numbers 02 tack  tests.  
lZle fd l - span   f laps  were of the  s ingle   s lot ted t n e  end had fixed 
deflection  angles of 0' and boo. 

0 

*he stabil izer  deflection could be varied from 5O t o  - l 5 O  and the 
elevator  deflection could be fixed &t angles from 20° t o  -2OO. 

Electric  contacts were located on the h u l l  keel a t  the bow, step, . and sternpost. These contacts  indicated when these por t iom of the 
hull were in  contect w i t h  the  water and  were also used t o  release  the 
t r i m  brzke  during  the  landing  tests. 

I 
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Aerodynmic 
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Tunnel.- Tce aerodyndc  investigations were condxted  in  the 
bgl-oot transonic  gressure  tunnel. The test  section of this 
t - m e 1  i s  rectangdlar  in  cross  section.  T.e upper and lower walls of 
the test  sect ion  are   s lot ted  to   Serni t  continuous  operation t h r o u h  
the trm-sonic speed range xp t o  a Vach nudoer of 1.20. TL?e s lo t s  of 
the test  section were rexoved and re3laced with nozzle  blocks t o  pro- 
duce e. k c h  r?um'Der of 1.k2. '?he design of .t:?ese nozzle  blocks  has 
been  described t-r, reference 8. For most of the aerodymaic  investigetion, 
the tunnel - a s  operated a% ep-poximately one-half  atmospberic stegna-lion 
pressrire; hotlever, a f e w  of the   tes ts  vere mde at apsroximtely atmos- 
pheric  sta-tion  pressxre. m e  cievgoint of the tunn-el a i r  was con- 
t ro l led  and vzs kept between -100 F uld Oo F. The stzp-ation temperature 
or" the t u n e l  wzs a.hmatically  controlled and we.s kept  constant end 
uniform across t're tunnel a t  12k0 F. Control or" both dewpoint end 
stagnation  temperstures i n  this P m e r  rinFmized hrrmidity effects.  

Reynolds mm3er.- The vzriation w i t h  %ch  nru3ber of the  rmge of 
Zeynolds nuTber based on the mesn ae rodyndc  chord of the wing md a 
f-unction of Kce stagnation presswe i s  shown in  figure 6. For the pres- 
ent izlvestigatiar?,  therefore, the Reynolds number vmied fron a minimum 
value of 0.73 X 10 a t  a Yach  nxmber  of 0.60 t o  a mcxirnum value of 5 

1.89 x 10 a t  8. Mach  number 09 1.20. The maximrun Reynolds nrunl=er a t  
e %ch na7ber of 1.42 was 1. % x 10 . 

6 
6 

Xeasurer-ents. - L i f t ,  drag, md pitching  mxent were d e t e d n e d  by 
=ems of ELI electrical  streiE-gage  balmce  loccted  inside the hG1L The 
measurements  were taken  over en angle-of-zttack r a g e  fron -4' t c  14' 
f o r  Yach naTkers of 0.60 t o  1.20 fo r  the t e s t s  conducted a t  one-haw 
a-lmosphe-ic stagnation  pressme. me angle-of-atkck  rmge m s  limited 
t o  approximtely 6' for  the t e s t s  mede a t  atmospheric stagnation  pres- 
sure because of stre_n,g.tn Ph i t a t ions  of the model. Stetic-pressure 
measurements xere  teken a t  two locations ir- the duct  exits: or?e upstreax 
and  one domst rem of the  constriction  in &rea, t o  deterrdne the mss- 
flow and internel  drag  coefficient. KO base-pressure  adjustment for   the 
zecelles wzs reqaired because the  nacelles were f a i r e d   t o  a sharp edge. 
The base pressure a t  the aft end  of the kill w&s also mezsured. 

Corrections end accuracy.- No correctior,s t o  the free-streun kch 
number ar,d 6y-nwnic Dresswe fo r  the effects or' model m d  wake blockage 
are oecessary  for tests i n  the s lot ted test  section of the Langley 
8-foot  trznsonic  pressure  tumel  (ref. 9 ) .  There i s  a range of Wch 
nmkers above a 3hch number of 1.00 where the date. Ere affected by - 



V 

reflected  co-pressions m d  expansions  from  the  test-section b o u n d q .  
From  consideretions  of  the  results of reference 10, it  is  believed  that 
for  Mach  numbers  up  to  epgroximately 1.03, the  effects  of  these  disturb- 
ances  on the measurerrents mde in  the  present  investigation would be 
negligible. No test  data,  hm-ever,  were  taken in the  range (M > 1.03 
end M < 1.13) ifhere  the  reflected  boundary  disturbances minged upon 
the  model.. 

The  drag  data  hzve  been  corrected  for  base  pressure  such  that  the 
base  drag  corresponds to conditions  where the base  pressure  is  equal to 
the  free-stream  static  pressure.  Typical miations of base pess-me 
coefficient  against mgle of attack are given In figure 7. The  interr?al 
drag  has  been also subtracted from the  drag  datz. to give a net  external 
drag.  The  method  for  obtaining  the  interoal  drag is described  in  ref- 
erence 1. The vwiation of the internal-drag  coefficient with angle 
of &tack is  shorn  in figure 8. mis drag  coefficient  is  the  total 
value  of  the  four  nacelles for the  model. 

Ipo corrections  for the forces and merits produced by the sting 
interference hme been  zpplied  to  the  data.  It  is  believed  that  the 
signiricant  corrections  would  be  l-ted to small incretrents in pitching 
moEent s d  drag and to  the  effective dmwesh mgle. 

The  angle of attack has been  corrected for flow angularity  and for 
the  deflection of the  sting-support  system  under load. The vlgle of 
attack  is  estimated to be  accurate  to  wtthin *.lo. 

The estimted  consistency of the  data  at a kch Ember of 0.90 m d  
a stagnation  pressure  of 1,060 pou-n-ds  per  square  foot,  based 02 the 
static  calibrations  and  the  repeatability of the  data, is es follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.006 
G . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.006 
cD . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0008 

The  bydrodyl7"c  tests  were mde in -gley tzdk no. 1, which  is 
described  in  reference U. Tne ~ p p e r a t u s  and  procedure generela used 
for  testing dynamic models  are  described  in  reference 72 and  were  sim- 
ilar  to  those  used  for  the  investigation  described  in  reference 1. 

A l l  tests  were mde at a gross loed  corresponding to 2 0 0 j O O O  pounds, 
f u l l  size.  T5e  center or" gravity  was  loceted et 0.3% unless  otherwise 
noted.  For  t'ne  snooth-water  investigation  the  model  was  pivoted  at  the 
center  of  grevity  and  had  freedom  in 0- trim m d  rise, and, for  the 
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rough-water tests, the model a lso had fore and a f t  freedon.  Slide  wire 1L 

pickups were used t o  record the t r i m  and rise. Rise of the  center of 
gp.vity was set zero w i t h  the step  touching  the water w i t h  the lull at 
zero t r i m .  -in w s  referenced t o  the forebody keel at the s tep end the 
undisturbed  water  surface. 

I 

The resistence of the coLnplete m o d e l ,  including  air  drag, w a s  deter- 
mined fo r  a range of constant  speeds. No resistence data were obtained 
when t:.l_e m o d e l  wzs porqoising. A flap deflection of 0' was used up t o  e. 
speed of zpproximtely 100 knots ( fu l l   s ize)  md f u l l  flap deflection, 
40 , was used a t  Kn-e himer speeds. The air *ag of the tawing staff 
wcs subtracted as a ta re  from the total   resistance.  Spray observations 
acd photographs were obtained  during these runs. 

0 

The trim limits of s t eb i l i t y  were determined  during  constant speed 
runs. A t  each speed, the t r i m  of the hul l  was changed by adjusting  the 
stabilizer position  until  porpoising was noted or u n t i l  the maximum or 
mLnimurn stzbil izer  deflection was obtained. The t r h  a t  which porpoising 
was first  observed w a s  taken as the limit of s tab i l i ty .  The lover trim 
l i m i t  of s t ab i l i t y  vas  obtained w i t h  the center of grE;vity moved forward 
t o  0.25~. 

The rate of acceleretcon of 5 ft /sec2  for teke-off w a s  besed on an 
average  value of excess thrust   as determined from the constant speed 
res i s tmce   tes t s .  A flap deflection of Oo was used until a  speed of 
80 knots md E. f h p  deflection of &Go wss used from 80 h o t s   t o  take- 
off. ObservEtior-  and motion picfxres were .mde during  these  runs. 

Landings  were made x i th  fu l l  d m  f k g s   f o r  E. range of contact trims. 
With the model flying a t  the  desfred  landing trim, the  carriage  vas  decel- 
erated a t  various uniform rates allowing the model t o  glide onto  the  water. 
The m o d e l  xes held a t  the desired landing t r i m  by the t r i m  brake u n t i l  
contact with the water  surface. 

RESULTS ANI DISCUSSION 

A e r  Oaynami c 

The basic aerodynamic data for the model are presented i n  figures 9 
t o  12. me  var ia t ion of mass-flaw ratio  with angle or' attack for  the 
2hch nuTber range of 0.60 t o  1.42 is giver? i n  figure 13. It w i l l  be 
noted that the experimentally rr-easured values of mass-flow re t fo  f o r  the 
formrd  Znlets and the rear deck i n l e t  qrproximate the  design mass-flow 
r a t io  of 0.80. 
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Drag characteristics.- R conrparfson of the minimum drag coefficients 
f o r  the  basic  configuration e.nd for the modified configuration is  pre- 
sented in   f igure 14. The ninimun subsonic  drag  coefficient  for  both 
conrigurations w e s  approximately 0.0145. The drag-rise Mach  number 
(defined  as  the  velue where 2 = 0.1 was aboat 0.93 for   the  basic  d C  

dM ) 
con-figuration and approximately 0.95 for  tine modified  configuration. B e  
minimm drag  coefficient for the  basic  configuration et a Mch number  of 
1.20 increased  the  subsonic  velue by a fector  of 2.75. The modificetion 
made t o  the h u l l  (simulating  the  Jet  e*-aust wee) resulted Ln about a 
5 percent  reduction in   t he  minimum drag et  a Mach  number of 1.20 as corn- 
pared w i t h  tine basic colk"igure.tion. The ef fec t  of the  nodification on 
the  icternal  drag of the forward  engines is not knm- since  internal- 
flm- mezsurements w i t h  the modified configuration were not made. It w i l l  
be noted thet the mfnimu?;. drag  coefficient for both  the  basic end modi- 
fied  configurations  continues t o  increase  in  the  supersonic renge. 

Some of the  tests  for  the  basic  corSigwation were repeated w i t h  
f ixed  t rmsi t ioE OE various pasts of the model. Although the  absolute 
values of tine drag coefficFent were higher f o r  the  configuration with 
f ixed  t rmsi t ion  ( f ig .  ll), it w i l l  be noted thet the tramonic drag- 
rise increment is approximtely 13 sercent lower f o r  the basic model 
w i t h  Tixed t ransi t ion as conpared with the  basic model w i t h  natural  
trensit ion.  

An increase  in  the Reynolds numbers of the   t es t s  had EO ef fec t  on 
the  drag  characteristics of the  mdified  configuration as shmn in   f i g -  
ure 12. 

Tne data  presented in figure 9 have  been  used to  calculate the 
t r imed  l i f t -drag   ra t ios  f o r  the  basic  nodel which a re   shm-   i n   f i gu re  15. 
Sone of the data shoun i n  figure 15 were extrapolated z;nd interpolated 
'Decmse only a smll renge of stabilizer  incidence  settings was used. It 
w i l l  be noted t'mt the trimned (L/D)mx decreased  quite  rapidly for 
Mach nubers  above 0.90. It w i l l  a l so  be noted that the l F f t  coefficient 
Tor t r imed  (L/D),, increased from. a value of 0.30 et E. &ch number 
of 0.60 t o  approximately 0.40 a t  a MEch nmber of 1.20. 

The veriation of trimmed (L/D)- against Mach  number for  the 
basic conTiguratio-n- is given i n  figure 16. The trimed (L/D)- 
decreased from a value of 13.3 a t  M = 0.60 to 6.0 a t  M = 1.20. The 
values of t r in -ed   l i f t -drag   ra t io   for   l eve l   f l igh t   a t   sea   l eve l  end an 
a l t i tude  of 35,000 f e e t  Tor a wing lozding of 100 pounds per  square  foot 
are also sham in   f igare  16. In order t o  teke adventage of the high 
velue of L/D at a Kach nuqber of 0.90, f o r  exemple, an a l t i t ude  of 
zpproxinately 35, 000 f e e t  would be reqrzired; however, the  mmeuvergbility 
would  be limited  since  the lift coefficient f o r  trimmed (L/D),,, i s  - 
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slightly  belov  the  lift  coefficient fo r  the unstable  break  in  pitching 
monent . 

The  modification to the hull ceused  soxe srrall increases in the 
mtrimed (L/D)- at Mach  number  greater  thvl 0.93 (fig. 17) Then 
coxpred with  the  basic  nodel. 

LiTt c?.aracteristics.-  Both  the  besic  configuration  and  the  modified 
configuretion  exhibited  nonlinear  lift  characteristics  in  the  angle  range 
of -4' to Oo. (See  figs. 9 w-d 10. ) However,  Then trmsition was  fixed 
on  the  basic  model (rig. 11) or when  the  Reynolds  numbers  of  the  tests 
of the  modified  configuration  were  increased by increasing  the  stagnetion 
pressure (fig. 12), the  lift  cheracteristics  were  linear  over  an  aqgle 
range of -40 to 60. 

The lift-cwve slopes for various  model  configurations  and  test 
conditions  have  been  deternined  End  are  presented  in  figure 18. In 
general,  the  lift-curve  slopes  increased  to a mximm value  at  Mach 
number  of  about 0.95 and  then  decreased gradualu with  increase  in  speed. 
The  lift-cm-ve  slope  of  the  basic  configuretion  for  the  trimmed  condition 
(fig. 18(a) ) was  approximtely 51: percent  lower  than  for  the  untrimmed 
condltion  at a hch number of 0.60 and 10 percent  lower  at a Mach  number 
of 1.20.' The  decrease  in  lift-curve  slope  noted  for  the  modified  con- 
figuration  for  Mack  numbers  of 0.90 and  above  (Zig. 18(~)) for the  tests 
conducted  at a stagnation  pressure of 2,120 pounds  per  square  foot  is 
believed to be  due  to  an  increase  in  wing  twist  for  the  higher  density 
loeds rather them due to scale  effects. 

2 

Pitching-moment  chmacteristics.-  The  pitching-moment  characteristics 
for  the  basic  confirnation  without  the  horizontal  tail  (fig. 9 )  indicated 
pitch-up  tender-cies  at  lift  coefficients  approximately 0.2 t o  0.6 through- 
out  the "mh number  renge.  The  addition  of  the  high  horizontal  tail 
aggravated  the pitch-q Lnstability;  however,  the  lift  coefficient  at 
which  the mstzble break  occurred  was  delayed  to mmh higher  values. 
Similar pitch-up  chnrecteristics  have  been  observed for other  model 
configurations  having  moderstely  high  horizontal-tail  arrangements. 
(See  ref. 13, for instance.)  The mxinum operating  range  of  sltitudes 
of  this  configuration would be  restricted  because  of  the  pitch-up  tend- 
encies  which,  for  example,  would  be  limited  to  qproximately 46,000 feet 
at p. Vzch  nuqber of 0.90. 

Fixir,g  transition on the  besic  model  made  the  pitching  moments 
sl-ightly  more  negztive  (fig. 11); however,  the  pitching-moxent  character- 
istics  were  essentially  the  same  as for the  basic model with  natural 
transition. 
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The  pitching-moment-curve  slopes C averaged  over a lift- 

coefficient  range  of -0.1 to 0.1 for  the  basic  model  with  the  horizontal 
tall  off and neasured  at C, = 0 for  several campkte model  configurations 
have  been  deterdned  and  are  presented  in  figure 19. The usuzl rearward 
movement  of  the  aerodpmnic-cefiter  location with increase  in  Mach  number 
for  the  basic  configuration  with  the  horizontal  tail  on  and  off  is  indi- 
cated  (fig.  lg(a) ) . Figure lg(b) compares  the  pitcbing-nment-curve  sloFes 
for  the  besic  and  the  modified  configurations and, in  general,  the 
pitching-moment-curve  slopes  were  nearly  the  same  for  both  configurations. 
Increasing  the  Reyoolds  numbers  of  the  tests  by  increasing  the  stagnation 
pressure  made  the  modified  canfiguration  less  stable  through  the  lift 
range  (fig. 12) and  Mach  nuwber  range  (fig. lg( c )  ) . It  is  believed  thet 
pmt of the  reduction  in  stability  for  the  higher  Reynolds  nrmbers  was 
due  to an increase  of  wing  twist  for  the  higher  density  loads. 

Stabilizer  effectiveness.-  The  stabilizer-effectiveness  paremeter  for 
the  basic  configuration  averaged  over a lift-coefficient  range  of 0 to 
0.6 is  presented  in  figure 20. The  stabilizer  effectiveness  gradually 
increased to E value  of -0.0265 at a Mach number of 0.90 and then 
decreased  approximtely 17 Fercent  through  the  trmsonic-speed  range. 

Hfective  downwash  chmacteristics.-  The  variation  of  the  effective 
downwash  angle  with  angle  of  attack  for  the  basic  ConTigrrration  is shm- 
in  figure 21. The  effective damwash angle  st 8 given  angle  of  attack 
was  determined by finding  the  stzbilizer  incidence  setting  at  which  the 
pitching-uoment  coefficient of the  complete  configuretion  was equal to 
that  of  the  complete  configuration  less  the  horizontal  tail.  (See  fig. 9. ) 
m-e effect  of  the  horizontal-tail drag on the pitchifig  moment  wss  neg- 
lected.  Since only a small range  of  stabilizer  incidence  settings  was 
used, some  of  the  data  zt  the low and at  the  high  angles  of  attack  given 
in figure 21were extrapolsted. m e  effective damwash angles so deter- 
mined do not  entirely  represent  the flow engulerities  that  exist  in  the 
region  of  the  horizontal  tail  but also include  vaious  interference 
effects.  The  effective  downwash  angle  increased  quite  nmrkedly  at  angles 
of  attack  above  zbout 6O throughout the  Mach  number  raz?,ge.  These krge 
increases  in  the  effective  downwash  angle  at  high  angles of attack  reflect 
the  severity of the  pitch-up  chaxacteristics that were  noted  for  the 
complete  model. It should  also  be  noted  that  large  increases  in  the 
absolute  vzlues of the  effective  downwash  angle  occurred  near Ou angle  of 
at"&& at bkch numbers  of 1.15 and 1.20. 

The dmwash derivetive a€/& for  the  basic  codiguration  averaged 
over  the  angle-of-atteck  range  of -20 to 20 and 100 to 120 is  given ir- 
figure 22. The dcmwzsh derivative for the  angle-of  -attack  rznge  of 
-2O to 2' renained fdrly constant  up  to a Yach number  of 0.95 md then 
decreased to a value  of  zero  at a Mach  number of 1.20. In the 
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angle-of-attack  range of 10' t o  12O, the  value of the downwash deriva- 
t i v e  was approximately four times that obtained at angles of a t tack of 
-20 t o  2 O  fo r  su'osollic h c h  numbers  and had a  value  greater  than 1.0 
fo r  Mach numbers of 0.70 t o  0.98. The increase  in the derivative &/act 
e=phasizes  the marked increase  in the pitch-up  tendemies at high  angles 
of a t tack   for  the besic model w i t h  horizontal tai l .  

* 

During the i n i t i a l  lydrodynmic tests of the m o d e l ,  e yawing ten- 
dency was observed. Tne yewing eppezred t o  be caused by spray from the 
step flowing over the rounded sections of the afterbody. The addition 
of the sharp  chines on the afterbody and chine strips on the  forebody 
improved the flow about the nodel and al leviatea the yawing tendency. 

Typical  spray  photographs i n  smooth water ere gresented in   f igure 23. 
No spray  eEtered  the side or deck in l e t s  a t  any speed. No sir flow 
through Ysle j e t   i n l e t s  was simulated  but  unpublished  tank data indicated 
that the  simulation of the a i r  flow would have little effect  usor? t h e  
spray  pattern  in the proximity of the  inlets.  Less i s  known about the 
ef fec t  of the  exhausts on the water flow about t h k  nodel. The under- 
surface of the wing w e s  heavily  wetted by b m  spray from 40 t o  86 'knots. 
When "he flzps vere deflected,  they were heavily  wetted -up t o  a speed 
of 105 knots. From 86 knots t o  take-off speed, the  horizontal tsil WEB 
struck by heavy s p a y  that zppeared to   or iginate  on the step aft of the 
forebody  chine s t r ips .  Tne portions of the  ducts  for the rear engir-es 
which extended  outboerd of  %he dterbody  chine were wetted by spray 
throughout most  of the speed range. 

The total   res is tance and corresponding t r i m  and rise axe presented 
i n  f i g a e  24 fo r  Oo m-d 40' flaps and several   s tabi l izer  and elevator 
positions. !&e stabilizer md elev.ztors had l i t t l e  effect  on t:?e t r i m  
from huq speed to  qproximately 110 knots. The leck of t r i m  control 
i n  this speed  range  appears t o  be cmsed by the low sternpost  angle 
(6. ko)  and the long af terbody  running i n  the E k e  from the  f orebody. At 
approxinztely lCg knots, the resistance  increased  with  l i t t le chmge i n  
trim. This increase  in  resistance at high  speeds  has been  encountered 
with ccnfigurations of reference 1 and occ"rs when the forebody flow 
reettaches  to L&-e afterbody due to  ins-dficient  clearance from the  fore- 
body Take et  moderately high trims. A t  higher speed, the t r i m  begem t o  
decrease  (ecproximtely 110 h o t s ) ,  reducing  the flaw on the afterbody, 
ui%h a consequent  reduction i n  resFstance es may be noted a t  approximetely 
120 h o t s  w i t h  a stabi l izer  and elevator  sett ing of -100 and -20°, 
respectfvely. A t  a speed of 98 knots (fig. 2k) it m y  be noted that 
deflection of the f l aps   t o  &Oo resul ted  in  a r i s e  of about 0.5 foot due 
to  the  increased l i f t  v i t h  the fleps  deflected. No corresponding  decrease 
i n  resistznce i s  noted, however, a-lparently  because of the heavy spray 
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striking  the  deflected  flap. N l  deflection of the f h p s   i s  therefore 
of l i t t l e  advantege until high speeds are reached. Excess thrust  was 
availeble  for  acceleration throughout the speed  range. A stable  take- 
off c u l  be lliade i n  approxivAtely 34 seconds md 4,060 feet .  

The t r i m  limits of s tabi l i ty   are   presented  in   f igure 25. An insta- 
b i l i t y   a t  intermediate trim between the conventional upper end lower 
t r i m  l imits wes encomtered w i t h  this nodel. !Chis iztermediate  porpoising 
was silrilar t o  t'nat obtained in  other tmk t e s t s  (unpublished  data). This 
intermediate limit was diff icul t   to   def ine  becmse of a tendency of the 
model to rrdntain a constant trin! i n   t h i s  speed region in   sp l t e  of the 
agplication of' a fairly large aose-dom- moment by deflection of the ele- 
vator and stabi l izer .  However, once the model did begin t o  change t r i m ,  
it trimxed dovn quite  rapidly.  Since  the  intermediate t r i m  lMt wzs 
apperently  encoxntered  during t h i s  rapid t r i m  chznge, it wzs d i f f i c d t  
t o  deternine a t  That t r i m  ins tab i l i ty  first occurred. Once the  inste- 
b i l i t y  a t  the Lntermediate t rbs  was  encountered,  porpoising between the 
interzediate and upper erim limits usually resulted. 

m i c a 1  variations  in t r i m  and r i s e  during take-offs are  presented 
i n  figure 26 for   three  s tabi l izer  and eleva-kor deflections. A f l ap  
deflection of Oo was used t o  zpproxilllately 80 In-ots .and full f l ap  
deflection (bo0) f rom 80 knots t o  take-off. The trim were high but  
tended to be slightly lower t h a n  the  upper-trim linxit UI, t o  a speed of 
apsroximtely 115 h o t s .  A t  this speed the flaw Trom the forebody appar- 
ently broke ewzy from the  afterbody and the model  trimmed down repidly 
except a t   t he  meximunr  up s tab i l izer  (-15O) and elevetor (-20°) deflection. 
A- t  the maxirun up s tzb i l izer  md elevator  deflection  there was  a slight 
decrease i n  trim before  the m o d e l  trinmed into  the upper-trim limit. 
Wlth a stabilizer deflectlon of -loo and an elevator  deflection of -20°, 
the rrodel trimned between the  intermedkte er?d upger-trLn limits and a 
steble  take-off was made. When a stabil izer  deflection of -8.5O and an 
elevator  deflection of -lTo were used, the model  trimmed down rzpidly  into 
the  intermediate-trim limit and porpoised between the  intermediEte and 
upper-trim limits. 

The variztions  in t r i m  end rise durFng typical  landing a t  6O end 
l2O t r i m  are  presezted  in  figure 27. Porpoising  occurred  during a l l  
landings. The -imum mplitude of porgoising w a s  egproximately 50 b-ut 
& w e d  rapidly. This  porpoising was cmsed  either by landing a t  trims 
t h a t  were  zbove the  upper-trim limit of s t ab i l i t y   o r  by the   t r iming  
of the model into  the  intermediate limit during  the  landing r-unout. A t  
landing trims below the upper limit, the model  trimmed into  the  inter-  
mediate limit and porpoised between the intermediate and the upper-trim 
limits of s tab i l i ty .  



* 16 

Rough Water 

NACA RM ~561.101 

A brief  rcngh-wzter  investigation  was  made  with  landings  and  taxiing, 
in  wBves  of  vErious  heights  and  lengths  to  determine the extent of sprey 
entering  the  inlets  and  the  amplitudes  of the model  notions  in  trLm and 
rise.  Oscillograph  records  of  the  variations  in  trim  and  rise  during 
two  typical hndings at a trim of 9.2' in waves 4 and. 8 feet  high ar,d 
255 feet long are  shown  in  figure 28. Comparison of these  records shows 
that  the  notions  were  cot  violent  when lmding in wmes 4 feet  high. 
The I;laximm amplitudes  of  trim  ar-d  rise  were 80 and 12 feet  and no spray 
entered  the  inlets  w3en  taxiing  or  landing in waves of this  height.  By 
contrast,  the  records  indicate  the  large  amplitudes of trim md rise 
(maxi.m?  for the landing shown 21.3O and 31.1 feet)  when  landing  in  the 
&foot  waves.  Xeavy  spray  passed  over  the  bow  and  entered  the  forward 
inlets  during  the  violent  landing  motions  in  this  wave  height. 

The  aerodynemic  and  hydrodynamic  characteristics of a rnultijet 
water-based-aircraft  ccnfi,o;urai;ion  for  supersonic  flight bve been 
investrgzted. m-e results of these  tests  have  indicated  that  the  basic 
Configuration had 2. l m  subsonic  drag  and  the  drag  rise  delayed  to a 
relatively  high  Yach  number.  The n in i r t~~??  drag  coefficient  at a Mach 
number of 1.20 was 2.75 thes the  mininun  subsonic  value.  Pitch-uF 
tendencies  xere  indicated  thro-@oxt  the  Mach  number  range a t  moderately 
high  values  of  lift  coefficient  which  would  lixit  the  operating  ranges 
md performance  characteristics  of this configuration. 

The  time  and  distance  for a stable  take-off  were  approxhmtely 
3k seconds  and 4,060 feet. An intermediate-trim  limit  of  stability  in 
addftion  to  upper  and  lower limits restricted  the  range of stabilizer 
m d  elevator  deflections  for  stable  take-offs. Porpoising occurred 
during  all  smooth-water lmdings but  the  oscillations  damped  rapidly. 
Brief  rough-water  tests  indicate  the  inlets  would  be  free  from  spray 
when  operating  in  waves 1; feet hi@-. 

L.=ngley Aeronmtical  Laboratory, 
National  Advisory  Committee  for  Aeronautics, 

Langley  Field, Va., July 27, 1956. 
t 
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D3X I.- FFR!CIXEXC C E A F & C l ! ~ ~ S  ANil 3TEXSIOX3 OF TEE 

FliLL-SIZX XATZR-EASKI AE7CRAFT 

Ce:erel: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wi=g =.ea, sq it 2. OOO 
Cross weight. l3 2CO. 0(x1 

-nee. CL+~SS.~,~. .i&c ~ 6 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k 

Wlng l c d h g .  lb/sq f t  1c0 
"Wce-of: tkzt (irlth dterb-rs). Ea 88. OOO 
Tkke-crz' kyrcst--=eigh.t ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.U 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 

wsg: 
S3pm)f.t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspecc recio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taperretio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Jikedrd. Ceg 
..eep.eck.0.2.).deg 

?ordarS perperdlcular t o  L . E . of H.A.C., ft ..................... Lecgch. xna c e r m d c  c5oz-d. f t  
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Totcl s d a c e  ere+. sp f: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9. 212 
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Figure I..- General arrangement of deck-inlet configuration. 
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Figure 2.- Layout of deck-inlet configuration hull. 
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Figure 3. - Cross-sectional  area  curves. M = 1.35. 
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L-71010 
(a) Three-qmrter front view. 

(b ) Three -quarter  rear view. 
L-71009 

Figure 4. - The l/52.7-sFze wind-tunnel model on sting support i n  Langley 
8-foot  transonic  pressure tun_.lel. 
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L- 89 7 10 

L49709 
Figure 5 .  - The  l/lT-size model of deck-inlet  aircraft. 
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Pigurc 6. - Variation with Mach number of the tes t  Reynolds number range 
based on wing mean aerodynamic chord. 
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-8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 
Angle of attack,a, deg 

Figure 7.- Variation w i t h  angle of attack of base  pressure coeff ic ie  
f o r  the basic  configuration. 
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Figure 8. - Vaiation with angle of attack of the  internal-drag  coefficient 
Tor the basic  configuration. Flagged symbols indicate  repeat data. 
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(a) hf = 0.60 aod 0.80. 

Figslre 9.- Effect of stebilizer  incidence on the eerodymic 
characteristics of the basic model. 
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(b) M = 0.90 end 0.93. 

Figure 9. - Continued.. 



( c )  M = 0.98 SIX% 1.00. 

Figwe 9.- Continued. 
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(a) M = 1.03 and 1.15. 

Figure 9.- Continued. 
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Figure 10.- Effect of hull modification  on  the  aerodynamic  characteristics 
of the model. Horizontal  tail on; 6, = -0.3' (Plain symbols  and 
solid  lines  indicate  basic  configuration;  flagged  symbols  and  broken 
lines  indicate  modified  configuration. ) w w 



Figure U.- Effects of fixed  transition  on  the aerodynamic characteristics 
of the  basic  configuration.  Horizontal tail on; 6, = -0.5'. (Plain 
symbols and  solid l ines  indicate  natural  transition; flagged symbols 
and broken lines indicate f w d  transition. ) 



Figure 12.- Effect of stagnation  pressure on the aerodynamic character- 
i s t i c s  of the modified codiguration. I<orizontal -tail on; 6, = -0.5'. 
(Plain symhbls and solid  lines  indicate  stagnation  pressure of 
1,060 lb/sq f t ;  flagged symbols and broken lines indicate  stagnation 
pressure of 2,120 lb/sq f t .  ) 
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Figure 13.-  Variation with angle of zttack of the mass-flow r a t i o  fo r  
the  basic  configmation. Flagged symbols indicate  repeat data. 
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Figure 14. - A comparison of the minimum drag coefficients of the  basic 
and modified configurations. E8 = -0.5 . 0 
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Figure 15.- Variation with l i f t  coefficient of Figure 16. - Variation  with Mach  number  of the 
the trim lift-drag rat io  at various Mach maximum trim lift-drag  ratio and  of the 
numbers for the basic configuration. trim lift-drag ratio  in  level flight for  

sea level and 35,000 feet   al t i tude  for a 
wing loading of 100 pounds per square fool;. 
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Figure 17 .- Variation .with Mach number of the maximum lift-drag ratios 
for the basic and modified configurations imtrimmed. 
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Figure 18.- VEsiation with Mach number of the lift-curve slopes f o r  
vzrious = d e 1  calk"igu_r&ions. 
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(c) Effect of stagnation pressure. Modified configuration. 
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Figure 19.- Variation w i t h  bkch Ember of the pitching-mmnent-curve 
slopes Cor various model conZigurations. 



Figure 20.- Variation with Mach  number of the  stabilizer  effectiveness 
parameter. 
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Figure 21.- Variation of the efPecLive downwash angle with angle of attack 
for the  basic  configuration. 
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Figure 22.- Variation  with Mach  number of the rate of change of effective 
downmsh angle w i t h  angle 02 attack fo r  the basic  configuration. 



Speed, 24.9 knots; trim, 5O; flep deflection, Oo. 

Speed, k3.4 kno-ls; trqh, 6.2O; flap deflection. Oo. 

Speed, 61.8 knots; trim, l0.lo; ?lag deflection, Oo. 

L-93583 
Figure 23.- Typical sprw photographs. 
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Speed, 30.6 knots:  tziw, 10.3': flap deflection, 0'. 

Speed, 04.4 knots: trim, 9.8': :lap deflect ion,  40'. 

Speed, 104.7 knoss: trim, 8 .9O:  f lap  def lect ion,  40'. 

L-9359k 
Figure 23. - Concluded. 
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Figure 24.- Vcriation i n  tot& resistmce, trim, end rise w i t h  Bpeed. 
= Oo md 40'. 
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Pigwe 25. - Trim limits of stability. % = 40'. 
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0 20 40 60 80 100 120 140 160 
Speed, knots 

Figure 26.- Variation i-n t r h  end rise during smooth-water tab-offs 
f o r  various elevator  deflectlons . 
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(b) Landing trim, 12.1'. 

Figure 27.- Variation in trim and rise durlng typical  smooth-water 
landings. sf, = bo. 
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(b)  Waves 8 feet high and 255 feet long. 
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(a) Waves 4 feet high and 255 feet long. 

Figure 28. - Typical  records  of  landings in waves. 
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